In this paper, we introduce the fuzzy Mellin transform and investigate some of its operator properties. We then establish the connections with the two-side fuzzy Laplace transform. By using a fuzzy Mellin transform, we solve some fuzzy differential equations under strongly generalized differentiable conditions. Finally, some simple applications are given.
Introduction
The first definition of differentiability for fuzzy-valued functions was proposed by Puri and Ralesu in [] , which is based on the Hukuhara difference of sets. The definition of fuzzy-valuedness as a generalization of the Hurahara derivative for set-valued mappings is a rather restrictive concept of derivative. In order to overcome the limitations, some new notions of difference were given, such as the generalized difference [] Recently, Salahshour et al. dealt with the solutions of fuzzy Volterra integral equations with separable kernel by using a fuzzy differential transform method in [] . Moreover, the fuzzy Laplace transform was expressed by Salahshour et al. in [] . And the existence theorem was given for a fuzzy-valued function which possesses the fuzzy Laplace transform. Ahmadi et al. investigated the Laplace transform formula on the fuzzy nth-order derivative by using the strongly generalized differentiability concept in [] . The fuzzy Laplace transforms method for solving fuzzy fractional differential equations was proposed by Salahshour et al. in [] .
By the change of variables x = exp(-t) of the classical Mellin transform, one can obtain its Laplace transform. By using this connection with the two-side fuzzy Laplace transform, we can deduce the operator properties of the fuzzy Mellin transform. Then we may use the Mellin transform technology to solve some kinds of fuzzy differential equations. That is the main result of this paper. Some simple applications are given in the last section.
Preliminaries
We denote the sets of all nonempty convex compact subsets of metric space (X , d) by
A real-valued mapping ν : X → [, ] is called a fuzzy set. Let us denote by E the set of all fuzzy sets satisfying the following four conditions:
In particular, for ν  , ν  ∈ E, X ⊂ R, and λ ∈ R, we have
where The complex membership function is defined as
where
It is easy to see that the (α  , α  )-level of ν is always compact and convex. In order to ensure that ν is normal, we define the following set:
) ∈ E , we give the notions of addition and scalar multiplication as follows: In order to investigate differentiability of the complex membership function, we need the notion of the difference of two fuzzy numbers. There are some different definitions such as the Hukuhara difference, the generalized Hukuhara difference, the generalized difference, and so on. But we only consider the following H-difference in this paper.
Let x, y ∈ E . If there exists z ∈ E such that x = y + z, then z is called the H-difference of x and y and it is denoted by x -y.
Let F(x) = (u f (x), v f (x)) and assume that u f (x) and v f (x) are both fuzzy Riemannintegrable, which was introduced by Stefanini and Bede. Definition  We call a complex fuzzy-valued function F : (a, b) → E strongly generalized differentiable at x ∈ (a, b) if there exists some F (x) ∈ E such that (i) there exist the differences
and
Furthermore, one can obtain
The fuzzy Mellin transform
Definition  The fuzzy Mellin transform of a complex fuzzy-valued function f (t) is defined by
where s ∈ C.
We then have
We can establish the connection with the fuzzy Laplace transform defined by the authors in [, , ]. Let x = e -t . We have the Laplace transform
By using this formula, we can obtain the following propositions.
For the definitions of | · | and converges absolutely we refer the reader to [] . If the function F(t) := f (e -t ) satisfies δ -< δ + , then the fuzzy Laplace transform converges absolutely for δ -< Re(s) < δ + , where
By (.), if δ -< δ + , then for δ -< Re(s) < δ + the fuzzy Mellin transform converges absolutely, where
If the fuzzy Mellin transform M[f (t)](s) converges absolutely in the vertical strip δ -<
Re(s) < δ + , then one can obtain
Furthermore, for δ -< α ≤ Re(s) ≤ β < δ + , the fuzzy Mellin transform converges absolutely and uniformly, and
for α < Re(s) < β. Then we give the inversion formula for the fuzzy Mellin transform
In fact, the fuzzy Mellin transform is a linear operator in the domain of the strips of convergence. Then we have the following property.
where α < (s) < β, α max{α  , . . . , α n }, and β min{β  , . . . , β n }.
Proof By a fuzzy Laplace transformation we obtain
Proposition  For λ =  and t > , we have
Proof For λ =  and t > , by using the fuzzy Laplace transformation, we have
where λα < Re(s) < λβ, and λβ < Re(s) < λα, according to λ >  or λ < , respectively.
Example  Let λ > , c ∈ E , and γ = ,
Then, by using a fuzzy Laplace transformation, we have
where Re(s) ∈ (α, β) and n ∈ N.
Proof By using the fuzzy Laplace transformation, one can obtain
where Re(s) ∈ (α -Re(λ), β -Re(λ)).
(.)
In particular, when λ = , we have
Moreover, we can obtain the following proposition.
holds for α - < Re(s) < min{β -, -}. Similarly, we can obtain
Definition  The fuzzy Mellin convolution product, denoted by f * g, of a real-valued function f (t) and a fuzzy-valued function g(t), is defined by
Suppose that the real-valued function f (t) and the fuzzy-valued function g(t) are both defined on the positive part of the real axis and that both of them have the Mellin transform f (s) andg(s) for α < Re(s) < β. Then we can obtain the following convolution rule.
In fact, by using the fuzzy Laplace transformation, we can also obtain (ii) For - < Re(s) < , we obtain
where the function
